Four new polyoxygenated cyclohexenes, 2-O-acetyl-6-O-methylzeylenol (2), 2-O-benzoyl-3-O-debenzoylzeylenone (5), 3-O-debenzoylzeylenone (6) and 3-O-debenzoylgrandi‰orone (8), were isolated from the leaves of Uvaria purpurea. 2-O-acetyl-6-O-benzoylzeylenol (3) was also isolated for theˆrst time as a natural product. Compounds 5-7 each showed inhibitory activity against the root growth of Lactuca sativa. Their structures were established by spectroscopic and chemical methods.
The Annonaceae is a large plant family comprising ca. 130 genera and more than 2300 species. The Uvaria species belongs to the Annonaceae and is an important source of natural products with various structures. Previous phytochemical studies on the genus Uvaria have resulted in the isolation of about 30 polyoxygenated cyclohexenes, [1] [2] [3] [4] and some of them have shown interesting antitumorial 1) and antimalarial 2) activities. In the course of our recent phytochemical investigation into the leaves of the Chinese tree, U. purpurea, we isolated four new compounds, 2-O-acetyl-6-O-methylzeylenol (2), 2-O-benzoyl-3-O-debenzoylzeylenone (5), 3-O-debenzoylzeylenone (6) and 3-O-debenzoylgrandi‰orone (8) . 2-OAcetyl-6-O-benzoylzeylenol (3) 5) was also isolated for theˆrst time as a natural product along with three known compounds, (")-zeylenol (1), 6) zeylenone (4) 7) and grandi‰orone (7). 7) We describe in this paper the isolation and structural elucidation of new compounds 2, 5, 6 and 8.
Materials and Methods
General experimental procedures. Melting point (mp) data were measured with MRK micro-melting point apparatus and are uncorrected. Optical rotation data were recorded with a Horiba SEPA-300 digital polarimeter. IR spectra were measured with a Jasco IR-810 instrument, and mass spectra were obtained with a Jeol JMS-700 spectrometer in the EI and FAB modes.
1 H-, 13 C-and 2D-NMR were measured with Varian Unity INOVA 500 (500 MHz) spectrometers in CDCl 3 , using TMS as an internal standard. Circular dichroism measurements were taken for solutions by a Jasco J-725 spectropolarimeter. Chromatography was carried out on Merck silica gel 60 (100-200 mesh), and preparative TLC was performed on Merck silica gel 60 PF 254 plates (0.75 mm in thickness).
Plant material. Leaves of Uvaria purpurea were collected from Hainan Province in the south of China during July 1994. The botanical identiˆcation was made by Prof. D. Zhao of Hebei Medical University in China, and a voucher specimen has been deposited in our laboratory of Graduate School of Agricultural Science at Tohoku University in Japan.
Extraction and isolation. Air-dried leaves (2.4 kg) of U. purpurea were extracted three times with methanol at rt. The methanolic extract was concentrated under reduced pressure, diluted with water and extracted with hexane. The aqueous layer was further extracted with toluene. The combined toluene extract was concentrated under reduced pressure to yield 4.0 g of a residue. This residue was chromatographed in a silica gel column, using hexane-EtOAc (2:1) as the eluant, to aŠordˆve fractions. Fractions 2 and 3 were repeatedly separated by preparative TLC (silica gel) with hexane-EtOAc (1:1) and then with chloroform-methanol (10:1) to aŠord compounds 1 (30 mg), 2 (27 mg), 3 (2 mg), 4 (80 mg), 5 (63 mg), 6 (36 mg), 7 (2 mg) and 8 (3 mg).
(")-Zeylenol (1) Table 1; 13 C-NMR data, see Table 3; 13 C-NMR data, see 3-O-Debenzoylgrandi‰orone (8) was obtained as white crystals from hexane-EtOAc (1:1), mp 140-1429 C; IR (KBr) nmax: 3400 (OH), 2920 (CH), 1740 (ketone C＝O), 1720 and 1700 (ester C＝O), 1600 and 700 (Ph) cm "1 ; 1 H-NMR data, see Table 3 ; 13 C-NMR data, see Benzoylation of 4, 5 and 6. Compound 4 (2 mg) was dissolved in pyridine (1 ml) and then treated overnight with benzoyl chloride (1 ml) at room temp. After the usual work-up, the residue was puriˆed by preparative TLC with hexane-EtOAc (2:1) to give tetra benzoate 9a (1 mg) as a colurless oil. + (calcd. for C35H26O9, 590.1580). CD (MeOH) lmax (De): 237 ("750). Compounds 5 and 6 were also subjected to benzoylation by the same method to yield the corresponding tetra benzoates (9b and 9c). The 1 H-NMR spectra of these compounds were identical with those of 9a. On the other hand, the CD spectra of these compounds showed a signal opposite to that of 9a. 9b: CD (MeOH) lmax (De): 237 (+120). 9c: CD (MeOH) lmax (De): 237 (+580).
Bioassay. A deˆned amount of compounds 1-8 (300 mg each) in methanol was injected into absorbent cotton in a glass tube (40 mm×100 mm), and the methanol was evaporated in a desiccator under vacuum. Six ml of a Hyponex solution (1.0 g W l aq., Hyponex  Co. Inc., U.S.A.) and ten seeds of Lactuca sativa were then placed on the cotton in the tube. The tube was kept under continuous light (2000 lux) at 249 C for 5 days. Each data value is presented as the percentage diŠerence from the control value (aq. Hyponex  solution only) in Table 4 , and all data were tested by Student's t-test.
Results and Discussion
Compound 1 was obtained as white crystals. Its spectral data (MS, IR, 1 H-and 13 C-NMR) and physical properties were identical to those of (")-zeylenol 6) Compounds 4 and 7 were also isolated as white crystals and the MS, IR, 1 H-and 13 C-NMR, data and physical properties for 4 and 7 respctively identiˆed them as zeylenone and grandi‰orone which have been reported by Liao and co-workers. 7) Compound 2 was obtained as an oil. The molecular formula of 2 (C24H24O8) was determined by its HRFABMS data showing a peak at m W z 441.1552, [M+H] + . The IR spectrum gave absorption maxima at 3420, 2920, 2850, 1720, 1600 and 700 cm "1 , indicating the presence of hydroxyl, ester and phenyl functionalities. A detailed analysis of the 1 H-NMR (Table 1) and 13 C-NMR (Table 2 ) data for 2 indicated the presence of two benzoyl groups and one hydroxyl group, as well as one disubstituted double bond, three oxymethines, one oxymethylene and one quaternary carbon. The presence of these functionalities coupled with its molecular formula implies that 2 was contained one ring. The 1 H-and 13 C-NMR data of 2 were similar to those of 1, implying a structural correlation between 2 and 1. The diŠerences between 2 and 1 in their NMR data included a characteristic new singlet for three protons at dH 3.52 in 2 and a primary carbon at dC 57.1, as well as a downˆeld shift of C-6 from dC 70.9 to dC 76.9 and an upˆeld shift of H-6 from dH 4.32 to dH 3.93. In addition, a new singlet for three protons at dH 2.07, and a new carbonyl and primary carbon (dC 169.6 and 19.9, respectively) were observed in the NMR spectra of 2. Furthermore, the H-2 (dH 4.23) and C-2 (dC 68.7) signals of 1 showed downˆeld shifts to dH 5.67 and dC 74.3, respectively, this being conˆrmed by the 1 H-1 H COSY and HMBC spectral data (Fig. 1) . Therefore, 2 was identiˆed as 2-O-acetyl-6-O-methylzeylenol. Moreover, the coupling constants of J2,3 (6.8 Hz) and J5,6 (3.9 Hz) suggested a trans diaxial relationship between H-2 and H-3, and pseudo-equatorial orientation of H-6 in the preferred half-chair conformation of 2. 6, 8) The absolute conˆguration shown for 2 is based on a comparison with 1. The two benzoxyl groups at C-3 and C-7 have the same relative stereochemistry and their CD spectra exhibited a similar negative Cotton eŠect (lmax 232 nm), so the absolute stereochemistry of 2 was deduced to be of (1R, 2S, 3R) form (Fig. 2) .
Compound 3 was isolated as an oil, its spectral data (MS, IR and 1 H-NMR) being identical to those reported for the (+)-zeylenol monoacetate derivative. 5) However, the physical properties of the enantiomeric pairs of (+)-form and (")-form are almost identical, with the exception of their optical rotation values being of opposite sign. We isolated 3 from the leaves in a small quantity that was insu‹cient to accurately determine the [a]D value of 3 for comparison with the value reported for the (+)-zeylenol monoacetate derivative, [a]D "39.79(c 0.21), 5) so we were not able to determine the absolute stereochemistry of 3. In addition, the structure of 3 had two benzoate groups on the both side D 4 oleˆn, the CD spectra of 3 have not been showed the Cotton eŠect, which was enough to determined to absolute stereochemistry, for interaction between the C-3 and C-6 benzoate groups.
Compound 5 was isolated as an oil and showed a peak at m W z 405.0949 in its HRFABMS data, revealing its molecular formula to be the same as that of zeylenone (4). 4 and 5 had strong absorptions of hydroxyl (3420 cm "1 ), ester (1720 cm "1 ) and phenyl (1600 and 700 cm "1 ) functionalities in their IR spectra. The NMR data also showed similarity between 4 and 5, except that the H-2 and H-3 signals (dH 4.38 and 5.90, respectively) of 4 were shifted to d H 5.67 and 4.81, respectively, in the NMR data of 5. Connectivity of H-2 W OH-2 and H-2 W H-3 was also deduced from the 1 H-1 H COSY spectrum. These data enabled 5 to be identiˆed as 2-O-benzoyl-3-O-debenzoylzeylenone. The relative stereochemistry of 5 was determined by comparing its 1 H-NMR coupling constants with those reported for 4.
7)
Compound 6 was obtained as white crystals. The IR spectrum of 6 exhibited strong absorption at 3400, 3060, 1720 and 1600 cm "1 , suggesting the presence of hydroxyl, ester and phenyl groups. The close similarity of the 1 H-and 13 C-NMR chemical shifts of 6 to those of 5 (Tables 1 and 2 ) indicated the presence of a common cyclohexenone nucleus. The HREIMS data of 6 exhibited the molecular ion peak at m W z 278.0792, showing its molecular formula to be C14H14O6. The diŠerence of 105 mass units between 5 and 6 suggested the substitution of the 2-O-benzoyl of 5 by a hydrogen in 6. In addition, the 1 H-NMR spectrum of 6 showed three characteristic hydroxyl signals (dH 2.50, 3.35 and 3.48), and the H-2 signal at dH 3.97 instead of dH 5.67 in 5. Therefore, 6 was concluded to be the 2-O-debenzoyl form of 5.
The absolute stereochemistry of 4 had been deduced in a previous paper 9) to be of (1R, 2S, 3R) form from the CD spectrum and large negative Cotton eŠect. The absolute stereochemistry of 5 and 6 were also established from their CD spectra. Compounds 4, 5 and 6 were benzoylated produced to yield tetra benzates 9a, 9b and 9c. The CD spectrum of 9a, which was produced from 4, clearly indicated a negative Cotton eŠect (lmax 237 nm). However, the CD spectra of 9b and 9c, which were produced from 5 and 6 respectively, each showed a positive Cotton eŠect (lmax 237 nm and lmax 237 nm, respectively). 10, 11) These results enabled the absolute conˆguration of 5 and 6 to be deduced as the (1S, 2R, 3S ) form (Fig. 3) . Compound 8 was isolated as white crystals and deduced to have the molecular formula of C14H14O6 from its HREIMS data (m W z 278.0794). The IR spectrum revealed the presence of hydroxyl (3400 cm "1 ), ketone (1740 cm "1 ), ester (1720 and 1700 cm "1 ) and phenyl (1600 and 700 cm "1 ) functionalities. In a comparison of the 1 H-NMR (Table 3 ) and 13 C-NMR (Table 2 ) spectra of 8 with those of grandi‰orone (7), 8 showed high structural correlation to 7. The characteristic diŠerences between 7 and 8 were the H-3 chemical shift (dH 5.31 in 7 and dH 3.99 in 8) and the appearance of a new hydroxyl signal (dH 3.28) in 8. These diŠerences in the NMR data, as well as the mass and IR spectral data of 8, enabled us to assign the structure of 8 as 3-O-debenzoylgrandi‰orone which was conˆrmed by the 1 H-1 H COSY spectral data. The relative stereochemistry was determined from the similarity of the NMR spectra between 7 and 8. 7) Compound 7 had the dibenzoate system and it looked worthwhile to study their CD spectra to help elucidate its absolute stereochemistry. 4, 12) The CD spectrum of 7 clearly indicated a negative Cotton eŠect (lmax 237 nm) as shown in Fig. 4 . The absolute stereochemistry of 7 was therefore determined to be of (1S, 2S, 3R) form. (Fig. 5 ) However, the absolute stereochemistry of compound 8 was not determined because, although we benzoylate 8, we could not obtain enough the 3-O-benzoyl of 8 for comparison with the CD spectral data of 7.
In order to evaluate their potential plant growth activity, we examined the eŠect of 50-ppm sample solutions of 1-8 on germination and on the root and shoot growth of L. sativa (Table 4) . Compound 1 had an inhibitory eŠect on root and shoot growth. Although compounds 2 and 3 had no eŠect on root growth, they did have a promotive eŠect on shoot growth. Since compounds 2 and 3 were the di-O-substituted forms of 1, the free hydroxyl groups of 1 might have been important for its inhibitory activity. Compounds 4-6 inhibited root growth. Compound 4 also had an inhibitory eŠect on shoot growth, but compounds 5 and 6 showed a promotive eŠect on shoot growth. These diŠerences might have been due to the 3-O-benzoyl group in 4. Compound 7 inhibited root growth, but had no eŠect on shoot growth. While, compound 8 did not show such marked root growth-inhibiting activity, it did promote shoot growth. These diŠerences in activity are ascribable to the 3-O-benzoyl group in compound 7. Although the mode of action is still unknown, compounds 1-8 had some structural similarity to shikimic acid, so these compounds might have some eŠect on the shikimate pathway.
